Chronic fatigue syndrome, also known as myalgic encephalomyelitis (CFS/ME), is a disabling illness, characterised by prolonged fatigue lasting over 6 months, with accompanying symptoms such as muscle/joint pain, poor concentration and disturbed sleep. 1 The population prevalence of CFS/ME is between 0.2 and 2.6% 2 and little is known about the aetiology of the illness, making prevention and treatment challenging.
However, this association was not demonstrated in analyses of the 1970 cohort examining childhood psychopathology. 9 These cohorts also provide differing evidence for other risk markers including childhood and adulthood activity levels, and childhood illnesses.
3,4,9,10 Risk markers for CFS/ME have often been determined by studies that do not take other known risk markers into account. 11 A recent systematic review of multivariable aetiological studies identified only a few studies and concluded that most findings have not been replicated. 11 Further, many proposed risk markers for CFS/ME such as childhood psychopathology or adversity are also risk markers for adulthood psychopathology, which is often comorbid with CFS/ME. Given the increasing evidence for adulthood premorbid psychopathology as a risk factor for CFS/ME, the examination of other risk markers needs to take comorbid psychopathology into account. Also, the extent to which risk markers are confounded by other risk markers is unknown. This paper examines life-course risk markers for CFS/ME at 42 years in the prospective 1958 British birth cohort. First, specific hypotheses relating to individual childhood and adulthood risk markers were tested. The hypothesised risk markers were childhood adversity; childhood and adulthood physical overactivity; childhood physical inactivity; low and high body mass index (BMI) in childhood; and chronic childhood illnesses. Childhood BMI was hypothesised to mediate the risk of inactivity but not overactivity in childhood and adulthood. Second, multivariable models of risk markers were tested, taking into account coexisting risk markers and both premorbid and comorbid psychopathology, in order to identify independent risk markers for CFS/ME. This paper studies both self-reported and operationalised CFS, something not previously examined in birth cohort studies. Ethical approval for the survey was obtained from the North Thames Multi-Centre Research Ethics Committee.
Method Sample
Data were from the National Child Development Study (NCDS); a longitudinal birth cohort of 98% of births in England, Scotland and Wales during 1 week in March 1958 (n = 18 558). Data were from parents and schools at 7, 11 and 16 years of age and from participant interviews at 7, 11, 16, 23, 33 and 42 years. Analyses are based on 11 419 cohort members who participated at 42 years (71% of the invited sample). 12 
Measures

CFS/ME and CFS-like illness
Self-reported diagnoses of CFS/ME ('Have you ever had CFS/ ME?') were available at 42 years, along with the age at onset.
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Background
Little is known about the aetiology of chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME); prospective studies suggest a role for premorbid mood disorder.
Aims
To examine childhood and early adult adversity, ill health and physical activity as premorbid risk markers for CFS/ME by 42 years, taking psychopathology into account.
Method
Data were from the 1958 British birth cohort, a prospective study from birth to 42 years (n = 11 419). The outcomes were self-reported CFS/ME (n = 127) and operationally defined CFS-like illness (n = 241) at 42 years.
Results
Adjusting for psychopathology, parental physical abuse (odds ratio (OR) = 2.10, 95% CI 1.16-3.81), childhood gastrointestinal symptoms (OR = 1.58, 95% CI 1.00-2.50) and parental reports of many colds (OR = 1.65, 95% CI 1.09-2.50) were independently associated with self-reported CFS/ME. Female gender and premorbid psychopathology were the only risk markers for CFS-like illness, independent of comorbid psychopathology.
Conclusions
This confirms the importance of premorbid psychopathology in the aetiological pathways of CFS/ME, and replicates retrospective findings that childhood adversity may play a role in a minority.
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CFS-like illness was defined independently of self-reported diagnosis at 42 years. The criteria used were broadly equivalent to the Centers for Disease Control and Prevention (CDC) criteria for CFS, 1 requiring a self-report of 'feeling tired most of the time' , in addition to 54 from the following symptoms from the Malaise Inventory: 13 'bad headaches', 'difficulty falling asleep/ staying asleep', 'backache', 'rheumatism/fibrositis' and 'being unable to concentrate' from the (General Health Questionnaire) GHQ-12.
14 The Malaise Inventory and the GHQ-12 assess these symptoms in the weeks prior to the interview. 14, 15 For the comparison group, participants who met the CDC exclusion criteria for CFS/ME (self-reported anorexia/bulimia at 42 years, ulcerative colitis, any cancer, Crohn's disease, alcohol/substance misuse, BMI 440) were excluded (n = 2157). 1 
Adulthood psychopathology
Psychopathology at 23, 33 and 42 years was measured using the Malaise Inventory, 13 which assesses self-reports of 24 psychological and somatic symptoms. The inventory focuses on symptoms but has demonstrated validity to discriminate those with recent psychiatric diagnoses and contact with services. 15 A 17-item adapted version of the inventory was used, after excluding 7 somatic symptoms found with CFS/ME, to avoid tautological defining characteristics of CFS/ME such as fatigue being used to predict CFS/ME. On the complete inventory 57 indicates a high level of distress, representing 29% of the total score of 24, 15 therefore an equivalent cut-off of 55 representing 29% of the revised total score of 17 was used.
Childhood adversity
Prospective measures of childhood adversity were available at 7, 11 and 16 years, including doctor-reported neglected/underfed appearance, along with parental reports of being in care and maternal and paternal absence. 16 Parental divorce was reported by parents in childhood and by the cohort-member at 33 years. Parental physical or sexual abuse were self-reported retrospectively at 45 years. Cumulative adversity counted the number of adversities reported from 7 to 16 years (0, 1, 2, 3+). 16 Childhood and adulthood physical activity Childhood measures included teacher reports of the child's ability at sport at 16 years (below average/average/above average); parental reports of the activity levels of the child at 7 years (inactive/normally active/overactive) and the frequency of playing sport at 11 years (hardly ever/sometimes/most days); and cohortmember report of frequency of playing outdoor sports in their leisure time at 16 years (hardly ever/sometimes/often). For these measures normally active, sometimes, or average was the reference group to compare under-and overactivity as a risk for CFS/ME. 17 At 23 years frequency of sports/keep fit activities in an average month was self-reported categorised, as '2 times in the last 4 weeks/2 times a week' (reference group), 'never/once in the last month', and '3-4/45 times a week'. A similar self-reported measure was derived at 33 years, categorised as 'once a week/ 2-3 times a month/2-3 times a week' (reference group), 'never/less often', and '4+ times a week' . Self-reported physical activity at work at 33 years was categorised as 'no activity at work', 'some activity' (reference group), and 'high activity'.
Body mass index
Body mass index was available from 7 to 33 years, from height and weight measurements in childhood and self-reports in adulthood.
In adulthood, 518.5 was underweight, 18.5 to 525 normal, 25 to 530 overweight, and 530 obese. In childhood, overweight and obesity were based on guidelines derived using international data:
18 no definition of underweight is available for children.
Childhood illness
Childhood illnesses were reported by parents, usually the mother. Dichotomous measures were derived that indicated the following illnesses during childhood (defined as 7-11 years) or adolescence (16 years): any somatic symptoms (for example bad turns, sleeping difficulties), any gastrointestinal symptoms (such as tummy upsets, stomach aches, feeling sick), any gastrointestinal diagnosis (for example gastroenteritis, hernia, abnormal alimentary system), chronic illness (such as diabetes, epilepsy), atopy, three or more throat infections in the previous year, many colds, and headaches/migraines. The number of infectious illnesses (such as chicken pox, measles) at 7 or 11 years and 16 years and absence from school because of illness at 11 years and 16 years were available. Illnesses were defined as either childhood (7 or 11 years) or adolescent (16 years) to examine critical periods for effects on CFS/ME: 7 and 11 year outcomes were combined as the findings did not differ. Dichotomous measures of mother or father's psychiatric illness were derived, along with a measure of any physical or psychological illness in the family.
Sample attrition and multiple imputation
Follow-up in childhood was good with 89% of the original sample participating at 7 years, 88% at 11 years and 84% at 16 years. 12 In adulthood 72% participated at 23 years, 65% at 33 years and 66% at 42 years. 12 Multiple imputation using regression addressed the issue of missing data on the analyses, 19 based on the assumption that data were missing at random 20 using the ICE programme in STATA (Version 10) for Windows. All variables reported in this paper were included in the imputation equations. 21 Gender, socioeconomic position at 7 and 42, and qualifications at 33 that predict attrition were also included. 20 Missing data on the independent variables ranged from 51 to 25% except for neglected appearance at 7 or 11 years (38%), maternal absence at 16 years (26%), school absence at 16 years (28%), sport at 16 years (28%) and physical activity in job at 33 years (30%). All participants, except 1120 who had died during the study, were included in the imputation: analyses are restricted to those who participated at 42 years. Five cycles of the imputation were run and analyses indicated that the measures were stable across the imputations. Parameter estimates from the five imputations were estimated using the MIM function in STATA. Interaction terms were not included in the imputation equation as there were no significant interactions between the risk markers and gender or socioeconomic factors. The odds ratios presented use imputed data, but analyses using the imputed and non-imputed data showed similar patterns of results.
Statistical analysis
First, the prevalence of self-reported CFS/ME and CFS-like illness were established. Second, logistic regression analyses examined the associations between each individual risk marker (childhood adversity, childhood illness, physical activity; BMI) and each outcome, adjusted for gender, which was a covariate for CFS/ ME: gender6risk marker interactions were not significant. Socioeconomic factors were not covariates as they did not predict CFS/ME. Adulthood risk markers preceded onset: for example a risk marker at 23 years was assessed for those with CFS/ME onset after 24 years. Whether BMI mediated the associations between physical activity and CFS/ME was assessed using Sobel tests assessing the significance of the reduction in variance explained by the risk marker after adjustment for BMI. Finally, to test the hypotheses that coexisting risk markers might explain observed associations, multivariable logistic regression models were run that incorporated all of the risk markers that showed a significant association with CFS/ME or CFS-like illness, after adjustment for gender (cumulative adversity was excluded as it was derived from the individual adversity measures). These models were then subsequently adjusted for premorbid adulthood psychopathology at 23 and 33 years; and concurrent adulthood psychopathology at 42 years.
Results
The prevalence of self-reported CFS/ME in this cohort was 1.0% (95% CI 1.0-1.2) (n = 127: 75 female, 52 male), with a median age at onset of 34 years (mean 32.5, s.d. = 6.9). CFS-like illness was reported by 2.0% (95% CI 2.0-2.2) (n = 241: 167 female, 74 male). Female gender was significantly associated with CFS/ME (odds ratio (OR) = 1.50, 95% CI 1.04-2.14, P = 0.029) and with CFS-like illness (OR = 2.36, 95% CI 1.79-3.11, P = 0.001).
Childhood adversity Table 1 shows that self-reported parental physical abuse, sexual abuse, and reports of three or more childhood adversities were associated with a 2.4-3.0-fold increase in odds for CFS/ME. Illness in the household, neglected appearance, maternal absence, paternal absence, being in care, parental divorce, physical abuse, sexual abuse and cumulative adversity were all significantly associated with increased odds for CFS-like illness (ORs ranged from 1.6 to 3.7).
Childhood illness
There were few significant associations between the childhood illnesses and CFS/ME or CFS-like illness (online Table DS1 ). Gastrointestinal symptoms at 7 or 11 years, chronic illness at 7 or 11 years, and many colds at 7 or 11 years significantly increased the odds for CFS/ME (ORs ranged from 1.6 to 1.9). Absence from school for over 1 month at both 11 and 16 years doubled the odds for CFS/ME. Many colds at 7 or 11 years, three or more throat infections at 16 years, headaches at 16 years, psychiatric illness in the family, and absence from school for over 1 month at 16 years all significantly increased the odds for CFS-like illness (ORs ranged from 1.4 to 2.4).
BMI and activity levels
Childhood BMI and activity levels were not associated with either CFS/ME or CFS-like illness (results not shown). There were no significant associations between adulthood activity levels or BMI with later CFS/ME (results not shown). Obesity at 23 and 33 years were both associated with increased odds for CFS-like illness Table 1 Odds ratios (ORs) of the associations between the individual childhood adversity measures and chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) and CFS-like illness by 42 years adjusted for gender Frequencies (n = 11 419) CFS/ME (n = 9374) a CFS-like illness (n = 9368)
Childhood adversity (age) Sample, n (%) CFS/ME, n (%) CFS-like illness, n (% 
Multivariable risk markers
Prior to adjustment for psychopathology, parental physical abuse in childhood was associated with a 2.6-fold increase in odds for CFS/ME; gastrointestinal symptoms at 7 or 11 years and reporting many colds at 7 and 11 years were associated with a 1.6-and 1.7-fold increase in odds, respectively ( Table 2 ). These associations attenuated slightly with adjustment for premorbid (psychopathology at 23 and 33 years) and comorbid psychopathology (psychopathology at 42 years), but remained significant. Psychopathology at 33 was associated with a 2.2-fold increase in odds for CFS/ME but this association was not significant after adjustment for comorbid psychopathology at 42 years, which was associated with a 3.7-fold increase in odds for CFS/ME. For CFS-like illness, being female was associated with a 2-fold increase in odds; parental physical abuse in childhood with a 2.4-fold increase in odds; leisure-time inactivity at 23 years with a 1.9-fold increase in odds, and leisure-time inactivity at 33 years with a 1.5-fold increase in odds (Table 3) . These associations attenuated with adjustment for premorbid (psychopathology at 23 and 33 years) and comorbid psychopathology (psychopathology at 42 years), remaining significant for being female, becoming borderline significant for leisure-time inactivity at 23 years (P = 0.08) and non-significant for leisure-time inactivity at 33 years. Parental physical abuse became non-significant after adjustment for comorbid psychopathology at 42 years. Premorbid psychopathology at 33 was still associated, even after adjusting for concurrent psychopathology at 42 years.
Discussion
Summary of findings
Hypothesis testing of the individual risk markers identified similar premorbid risk markers for self-reported CFS/ME and CFS-like illness, suggesting aetiological roles for childhood adversity, adulthood physical inactivity, adulthood BMI and some childhood illnesses but not for childhood BMI or activity levels. Multivariable models, adjusted for premorbid and comorbid psychopathology identified parental physical abuse, childhood gastrointestinal symptoms and reporting many colds as independent risk markers for self-reported CFS/ME. Only female gender and adult premorbid psychopathology were risk markers for CFS-like illness after adjustment for comorbid psychopathology. Parental physical abuse and early adulthood psychopathology were premorbid risks for both CFS/ME and CFS-like illness, strengthening the evidence for their aetiological role, while also finding this association to be partially confounded by comorbid psychopathology. Overall, the statistically significant risk markers affected only the minority of individuals, however defined, so that, for example, only 16% of individuals reported *P = 0.05, **P = 0.01, ***P = 0.001.
parental physical abuse. This may reflect that CFS/ME is a heterogeneous condition 22 and future studies will need to define subgroups to further elucidate aetiological pathways.
Premorbid psychopathology and childhood adversity
This study confirms the importance of premorbid adulthood psychopathology in the aetiology of CFS/ME and CFS-like illness 3 and demonstrates the need to take premorbid and comorbid psychopathology into account when examining risk markers for CFS/ME and CFS-like illness. The only childhood adversity that was a risk marker for CFS/ME and CFS-like illness was parental abuse confirming Heim et al's findings 5 of higher reports of childhood trauma in individuals with clinically confirmed CFS/ ME compared with healthy controls. Our effect sizes were more modest than Heim et al's and only 16% of ours reported parental physical abuse. This could reflect the use of individual multipleinformant adversity measures in the current study that may lack the sensitivity of the multiple-item Childhood Trauma Scale in Heim et al's study; the lack of measures of non-parental abuse in the current study; or recall bias in studies that use retrospective uncorroborated self-reports of childhood trauma.
Childhood physical abuse is associated with a wide-range of adverse physical health outcomes in adulthood, 23 suggesting that distress associated with abuse may be expressed through later physical symptoms. Childhood adversity is also associated with altered stress responses in adulthood, as evidenced by hypothalamic-pituitary-adrenal axis dysfunction, 24 decreased hippocampal glucocorticoid receptor expression 25 and inflammation, 26 which have also been implicated in the aetiology of CFS/ME. [27] [28] [29] These findings suggest that childhood adversity should be explored when people present with CFS/ME, as a history of childhood adversity is more likely to be found in CFS/ME, particularly when accompanied by concurrent psychopathology.
Childhood illness
Evidence for childhood illness as a risk marker from previous studies is equivocal. 9, 10 We found few associations, using more *P = 0.05, **P = 0.01, ***P = 0.001.
detailed measures of childhood illness. Risk markers included gastrointestinal symptoms, many colds, headaches/migraines, throat infections and chronic illness. However, few associations were independent of psychopathology and physiological pathways between these illnesses and CFS/ME remain unclear. Early illness experience, vicarious or the child's own, is linked with the development of medically unexplained symptoms in adulthood, 30 reflecting possible pathways for CFS/ME via social learning and/or reinforcement of illness behaviour. 31 The childhood illness measures may reflect the overprotectiveness of the parent, rather than illness per se. Overprotective parenting may be relevant to the formation of belief systems, such as negative schemata associated with response to illness, that may predispose to the development of CFS/ME in adulthood. 31 Overall, evidence from population cohort studies regarding childhood illness as a risk marker is not strong.
Childhood and adulthood activity levels and BMI
Childhood activity levels and childhood BMI were not premorbid risk markers for CFS/ME or CFS-like illness, contrary to the findings of the 1946 and 1970 cohorts that overactivity and inactivity were risk markers. 9, 10 Additionally, there were no associations between early adulthood activity and BMI once co-occurring risk markers and psychopathology were taken into account. This could reflect differential associations as a result of cohort differences in rates of physical activity; 4 a lack of correction for non-response bias in the 1970 and 1946 analyses; a role for childhood inactivity for earlier but not later onset of CFS/ME; the lack of power in our data to detect an effect of low BMI; unadjusted confounding by other risk markers; or chance findings associated with the lack of sensitivity of the activity questions used in cohort studies.
Defining CFS/ME and CFS-like illness
We have examined two definitions of CFS: self-reported CFS/ME and operationalised CFS-like illness. These definitions have methodological limits that may have influenced the findings. The self-reported nature of the CFS/ME measure may influence associations with the risk markers: stronger associations may be observed in samples defined using clinically assessed CFS/ME. Our CFS-like illness outcome is limited as it is derived from symptom reports in the previous few weeks, 14, 15 making it not directly comparable with our CFS/ME measure, which assessed having a diagnosis during adulthood. This difference could explain some of the variation in findings between the risk markers for the two outcomes. Such differences could also be explained by the lack of power for the self-reported CFS/ME analyses compared with the CFS-like illness analyses. Confidence in the associations is strengthened in those risk markers found with both definitions, such as physical abuse. Conversely, for other risk markers the effect sizes for the different outcomes do not look comparable, for example for physical activity and some childhood illness measures. Our speculations about the influence of these definitions on our findings is limited, but we note the effect of different definitions of CFS found in previous studies.
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Strengths and limitations
Limitations include the use of non-clinically confirmed cases of CFS/ME; retrospective reports of parental abuse, which did not capture abuse by others; adversity measures that do not assess how the individual coped with adversity; a lack of power for some analyses; and an increased chance of type 1 errors. Unmeasured genetic or other individual confounding factors could account for the associations. However, this is the first study to examine prospectively measured childhood adversity and is also the first to use imputation to compensate for missing data and attrition. Other strengths include the use of two ways to define cases, examination of a wide range of childhood illness, a good sample size with a long-follow up capturing the mean onset age for CFS/ME; and premorbidly assessed risk markers.
Implications
Many risk markers for CFS/ME and CFS-like illness were related to premorbid and comorbid psychopathology. Prospectively measured childhood adversity was not a risk marker for CFS/ ME, however defined. When measured retrospectively, parental abuse was associated in a minority but this was confounded by concurrent psychopathology for one definition of CFS/ME. No risk marker was associated with both definitions of CFS/ME in the final adjusted models, perhaps reflecting the heterogeneity of this illness. 23 Female gender, childhood illness and premorbid psychopathology were risk markers for either CFS/ME or CFS-like illness, but were sometimes confounded by comorbid psychopathology. Potential pathways between risk markers, including psychopathology, and CFS/ME include childhood adversity and their consequently altered stress responses. These pathways should be the focus of further pathophysiological research, in pre-specified subgroups, to inform interventions for prevention and treatment.
